Membrane Capacitance Changes due to Temperature Increase in Rat Cardiac Myocytes  by Hotka, Matej & Zahradnik, Ivan
Sunday, February 16, 2014 121aR60%, clusters of remaining wild-type cells acted as currents sinks that
impaired conduction. For Cx43KO contents of 40-60%, conduction was prone
to unidirectional or bidirectional block, while conduction did not block for
larger or smaller Cx43KO contents.
Thus, conduction velocity and stability behave in a nonlinear manner when
cells expressing different connexin amounts are combined. This behavior
results from heterogeneous source-sink relationships at the cellular level. In
the context of cardiac cellular therapies, such behavior may be arrhythmogenic
if transplanted cells and recipient tissue form a heterogeneously coupled
substrate.
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Background: Loss of the rapid delayed rectifier Kþ current (IKr) leads to
remarkable action potential duration (APD) prolongation and instability
(measured by its short term variability; BVR). It is unknown whether APD
and its BVR can be separately modulated and which among IKr gating proper-
ties is more influential in determining them.
Aims: to investigate 1) whether the effects of IKr blockade (by E4031) on APD
and BVR are necessarily concordant; 2) the sensitivity of APD and BVR to
changes in specific IKr gating parameters.
Methods: a numerical IKr model (mIKr) was constructed to fit E4031-sensitive
current, previously recorded under AP-clamp conditions in guinea-pig ventric-
ular myocytes. Native IKr was blocked by E4031 and replaced by mIKr under
Dynamic-Clamp (DC) conditions. Once established that mIKr was able to fully
revert the effect of E4031 on APD and BVR, we tested the effect of negative
and positive changes in its gating parameters. Maximal conductance (gmax),
mid-potentials activation (V0.5A) and inactivation (V0.5I) and activation/
deactivation time-constant (tau) were considered.
Results: E4031 increased APD and BVR. mIKr injection restored APD and
BVR (NS vs control). Shifts in V0.5I changed APD and BVR concordantly,
both being increased for a 15 mV shift and decreased for þ15 mV one. On
the other hand, aþ15 mV shift of V0.5A or a 35% reduction in gmax increased
BVR without affecting APD significantly. Changes in tau (550%), did not
affect APD and BVR significantly, but an opposite trend was observed for
the two variables.
Conclusions: 1) restoration of the control APD and BVR by mIKr indicates that
known IKr properties are adequate to account for IKr impact repolarization and
its stability; 2) APD and BVR tend to change concordantly but they may be
independently affected by changes in gating properties.
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Multiple lines of evidence have suggested that increased oxidative stress
and activation of Ca2þ-calmodulin-dependent protein kinase II (CaMKII)
are proarrhythmic in various diseased heart models. In the present study we
have evaluated the involvement of oxidative stress and CaMKII pathway in
antiarrhythmic mechanisms in a unique coronary artery occlusion (CAO)-
induced arrhythmia model in woodchucks. Woodchucks, are true hibernators,
and in winter they survive without food or water or activity and their
hearts are more resistant to cardiac arrhythmias than in summer. We conduct-
ed Western blotting analyses and compared the expression levels of key anti-
oxidant enzymes. In control hearts (without CAO) the expression level of
catalase was higher in winter than in summer, while the MnSOD levels
were the same. While CAO (24 hrs) upregulated both catalase and MnSOD,
the increase in catalase was greater in winter than in summer. Meanwhile,
oxidized CaMKII (activated form) levels were lower in winter than in
summer. The effects of the CaMKII inhibitor KN-93 on CAO-induced
arrhythmias in summer were also evaluated. We carried out CAO surgeries
and monitored ECG by telemetry for 24 hrs. KN-93 was administrated with
an initial bolus injection followed by a continuous delivery via osmotic mini-
pumps. Arrhythmia scores were evaluated and compared to the control group.
KN-93 significantly decreased the arrhythmia score in woodchucks in summer
(3.4 5 0.4) to a lower level (1.3 5 0.6, p<0.05), which is similar to that
observed in winter (1.6 5 0.3), suggesting the reduction of CaMKII activity
may account for the adaptation for the heart’s resistance to CAO-inducedarrhythmias during winter in woodchucks. These results suggest that manip-
ulation of CaMKII signaling may hold therapeutic potential for treating
cardiac arrhythmias.
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Brugada syndrome (BS) is a genetically determined cardiac electrical
disorder, characterized by typical electrocardiography (ECG) alterations,
and it is an arrhythmogenic syndrome that may lead to sudden cardiac death.
The most common genotype found among Brugada syndrome patients is
caused by mutations in the SCN5A gene, which lead to a loss of function
of the cardiac sodium (Naþ) channel (Nav1.5) by different mechanisms.
Here, we report that a novel nonsense SCN5A mutation, L812Q, localized
in the transmembrane region DII-S4 of the Nav1.5 channel, was identified
in an index patient who showed a Brugada syndrome type 1 ECG
phenotype. The mutation was absent in the patient’s parents and brother.
Expression of the wild-type (WT) and L812Q mutant Nav1.5 channels
in human embryonic kidney cells (HEK293 cells) reveals that the mutation
result in a reduction of Naþ current density and a ~20 mV negative shift
of the voltage dependence of inactivation. However, the voltage dependence
of activation and the time course for recovery from inactivation are not
altered by the mutation. The negative shift of the steady-state inactivation
curve reduced the Naþ window current. In addition, western blot and
confocal laser microscopyimaging experiments suggest that the mutant chan-
nels may be retained in the endoplasmic reticulum, resulting in less channel
expression at the membrane surface. Decreased membrane surface expres-
sion, a negative shift of voltage dependence of inactivation, and a decline
of Naþ window current in the L812Q mutant may lead to a reduction of
Naþ current during the upstroke of a cardiac action potential and an inhibi-
tion of the reopening of inactivated Naþ channels during the repolarization
phases, all of which may contribute to the development of Brugada
syndrome.
630-Pos Board B385
Membrane Capacitance Changes due to Temperature Increase in Rat
Cardiac Myocytes
Matej Hotka1,2, Ivan Zahradnik1.
1Institute of Molecular Physiology and Genetics, Slovak Academy of
Sciences, Bratislava, Slovakia, 2Department of Biophysics, Faculty of
Natural Sciences, Pavol Jozef Safarik University, Kosice, Slovakia.
The effect of infrared laser stimulation of excitable tissue was explained by
the rise of temperature that increases the cell membrane capacitance, which
causes cell depolarization and action potential activation (Shapiro et al.,
Nat. Commun. 3:736, 2012). As in cardiac myocytes the relation of cell
capacitance and temperature is not well known, we studied the dependence
of membrane capacitance on the bath temperature under steady-state condi-
tions in isolated rat ventricular and atrial myocytes. Individual myocytes
were whole-cell patch clamped and the membrane capacitance was re-
corded by the high-resolution square wave stimulation method (Nova´k
and Zahradnı´k, Ann. Biomed. Eng. 34:1201, 2006). The bath temperature
was increased by means of a temperature controller at a rate of 0.1C/s
from about 23C to about 33C. Experiments on 6 atrial and 3 ventricular
myocytes provided an average increase of the cell capacitance by 0.30 5
0.02 %/C that corresponds to 0.17 5 0.03 pF/C for an average myocyte
of 56.6 5 9.9 pF capacitance (mean 5 SEM). The increase of capacitance
was proportional to the cell capacitance (R=0.81). There were no significant
differences between atrial and ventricular myocytes in the temperature
sensitivity of membrane capacitance. The temperature increase caused no
mechanical activity or changes in the shape of myocytes. These data are
in quantitative agreement with the data obtained on HEK cells and
bilayers (Shapiro et al., Nat. Commun. 3:736, 2012) and confirm the effect
of temperature on cell capacitance in the case of cardiac myocytes, thus
122a Sunday, February 16, 2014provide an independent support for the theory of optical stimulation of
excitable tissue.
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The spontaneously hypertensive rat (SHR) is a well-characterised model for
studies of hypertension and atrial arrhythmias but little is known about
the electrophysiological properties of the left ventricle (LV) and their
relation with ventricular arrhythmias in this model. To investigate the mech-
anisms behind electrophysiological abnormalities in the LV and their links to
the morphological substrate we used myocardial slices, a multicellular
preparation which allows the investigation of functional and structural prop-
erties in the same tissue location. Vibratome-cut myocardial slices (300mm
thick) were prepared from 20 month-old SHR and aged-matched control
LVs, tangentially to the epicardial surface. Slices were point-stimulated
and analysed using a multi-electrode array system; conduction velocity
(CV) and field potential duration (FPD), an index of action potential duration,
were measured. Longitudinal CV was lower in the SHR compared with con-
trols (SHR: 2954 cm/s, n=12 slices; C: 4556 cm/s, n=22 slices; p<0.05),
but transverse CV was unchanged. FPD was not statistically different be-
tween the two groups and showed a similar restitution curve. A high number
of fractionated field potentials were observed at similar levels in both groups
(SHR: 107520 ms, n=6 slices; C: 7452 ms, n=6 slices; p>0.05). In support
of the lower CV, Western blotting analysis revealed a reduction in the gap
junctional protein connexin43 expression in the SHR (p<0.01). A high
amount of interstitial fibrosis, quantified by Sirius red/fast green collagen
quantitative staining kit was found in both groups at similar
levels (P>0.05) and could be ascribed to aging as this was not detected in
slices from 2 month old rats (p <0.05). These results suggest that down
regulation of connexin 43 and not myocardial fibrosis is associated with elec-
trophysiological LV abnormalities in a rat model of chronic hypertension.
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T-wave alternans during acute ischemia have been determined as a precursor
of ventricular arrhythmias usually resulting in sudden cardiac death. Optical
mapping is often used to investigate the mechanisms of alternans in heart
preparations. Several hypothesis exist that may explain the formation of opti-
cal alternans. One of them is that optical action potential amplitude (OAPA)
alternans may indicate the formation of alternating conduction blocks. In our
study by using optical mapping simultaneously with microelectrode record-
ings we aimed to investigate the occurrence of OAPA alternans during acute
regional ischemia and to determine the electrical origin underlying the alter-
nans formation. Experiments were performed in Langendorff-perfused rabbit
hearts stained with near-infrared dye di-4-ANBDQBS. Optical signals were
registered from left ventricle epicardium. The hearts were stimulated by
applying 300 ms, and 200 ms pacing cycle. Results showed that OAP started
alternate with high and low amplitudes at 200 ms pacing at early ischemia
(4-6 minutes). The alternation zone migrated, shrank and finally disappeared
with increasing ischemia time. In order to elucidate the mechanism of this
phenomenon two glass microelectrodes were used to examine electrical activ-
ity by registering action potentials from subepicardial and deeper (3-5 mm)
myocardial layers simultaneously. Microelectrode recordings revealed that
OAPA alternans is the result of 2:1 conduction blocks in a certain layer whilst
the regular response is held in the other layers. During later ischemia (10-15
minutes) deep myocardial layers lose their excitability remaining optical sig-
nals only with low amplitude. It explains the disappearing of OAPA alternans.
Thus, our experimental data show that OAPA alternans which arise during the
early acute ischemia can be caused by alternation of conduction blocks in a
certain myocardial layers.
Research is funded by the European Social Fund under the Global Grant
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Last decade optical mapping technique became a widely-used instrument in
cardiac electrophysiology. Optically recorded action potentials (AP’s) in single
cardiac cells precisely match electrically recorded ones. However, this relation-
ship becomes not so direct in myocardium since optical AP (OAP) is the
depth-weighted average of propagating AP and is affected by optical-
biological processes (absorption, scattering and reflection). The best way to
achieve informative results of electrical activity in the heart is to use both,
optical approaches in combination with microelectrode technique.
In the Langerdorff-perfused rabbit heart AP’s were recorded with glass micro-
electrodes transmurally across the left ventricle (LV) wall from subepicardium
towards subendocardium (3-5 mm, 20-50 steps). Simultaneously we used near-
infrared (NIR) voltage sensitive fluorescent dye di-4-ANBDQBS to obtain
OAP recordings using EMCCD camera (128x128 pixels, 500 frames/s). OAP’s
and electrical AP’s were recorded using pacing from epicardium and
endocardium.
In our experiments we found, that AP activation time dependence on myocar-
dium depth had a different shape, depending on pacing the type, distance, and
LV geometry at recording site. The shape of the curve showed electrical trans-
mural inhomogeneity of myocardium, which possibly was caused by histolog-
ical inhomogeneity and different fibers orientation in different layers of
myocardium. For the upstroke of OAP’s evaluation, optical signals were
compared with electrical AP’s, recorded and summated transmurally through
LV wall depth. Recordings allowed us to evaluate the role of light scattering
and how much tissue inhomogeneity was reflected in the morphology of the
upstroke of OAP.
The obtained data could assist for better understanding of the mechanisms of
the excitation wave propagation and for proper evaluation of optical signal in
LV of the rabbit.
This research is funded by the European Social Fund under the Global Grant
measure.
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The proarrhythmic effect of cardiac glycosides has confined their extensive
applications in the treatment of heart failure. The detailed molecular mecha-
nisms underlying glycoside-induced arrhythmogenesis are not fully under-
stood. Recent experimental work shows that glycosides (e.g. Ouabain) impair
mitochondrial energy metabolism and raise reactive oxygen species (ROS) pro-
duction, resulting in abnormal action potentials in cardiomyocytes. In the pre-
sent work, a multiscale cardiomyocyte model that incorporates cellular
electrophysiology, mitochondrial energetics and detailed antioxidant system
is developed to further investigate how glycosides may lead to mitochondrial
dysfunction and abnormal electrophysiology under various physiological/
pathological conditions. In the model, the effect of glycoside is mimicked by
inhibiting Naþ/Kþ pump (a.k.a NKA) activity. Our simulations show that mod-
erate NKA inhibition (e.g. by 50%-70%) causes cytosolic Ca2þ accumulation
and blunted mitochondrial Ca2þ ([Ca2þ]m) uptake, especially during the tran-
sition of increased workload. The suppressed [Ca2þ]m uptake is accompanied
with decreased NADH production and increased ROS accumulation. These
results are consistent with previous experimental data. Interestingly, model
simulations show that under certain conditions (e.g. in stressed cells), blocking
NKA can cause mitochondrial depolarization and trigger sustained mitochon-
drial oscillations. Another finding is that further increasing NKA inhibition
(e.g. by 90%) leads to severe ATP depletion and triggers Ca2þ and action
potential alternans. Finally, simulations reveal that the glycoside-induced mito-
chondrial dysfunctions can be prevented or alleviated by inhibiting mitochon-
drial Ca2þ extrusion via mitochondrial Naþ/Ca2þ exchanger, but not by
increasing mitochondrial Ca2þ uptake via mitochondrial Ca2þ uniporter. These
results suggest that impaired mitochondrial Ca2þ uptake and energy production
are the major factors responsible for NKA inhibition-induced abnormal cellular
electrophysiology. This study, using computational modeling, provides new
insights into the mechanisms underlying the proarrhythmic effect of cardiac
glycosides, and has important implications for developing new glycoside-
based therapies of heart failure.
